The London smog disaster of December 1952 established that high levels of airborne particles and sulfur dioxide produced large increases in daily death ratesI.
Since the London episode, time-series analyses have associated daily mortality with daily particle concentrations in London (2, 3) , New York (4, 5) , Santa Clara, California (6) , Detroit (A), Steuben- ville, Ohio (8) , Philadelphia (9), St. Louis and eastern Tennessee (10) , Utah Valley (11) , Minneapolis (12) , and Birmingham, AL (13) . Both the air pollution concentrations and mortality increases were lower than seen in London in 1952.
These studies have reported that the primary association was with particles and not sulfur dioxide, and none have found any evidence for a threshold. In Santa Clara (6) and the Utah Valley (11) , coexposure with sulfur dioxide was essentially absent, avoiding any possible confounding with that pollutant. Clearly, airborne particles are associated with daily mortality independent of sulfur dioxide exposure. The regression coefficients reported in Santa Clara and Utah were similar to the regression coefficients in the other studies. This suggests that the other associations were due to the particle and not the sulfur dioxide exposure. In the other cities, the regression coefficients of particles in models containing sulfur dioxide were little changed from their values without simultaneous consideration of sulfur dioxide; they also remained statistically significant. In contrast, the coefficients of sulfur dioxide were generally much lower in models that controlled for particle exposure and were not statistically significant. This indicates that variations in particle concentrations independent of sulfur dioxide were associated with variations in daily mortality. Variations in sulfur dioxide concentrations that were independent of particle concentrations did not appear to be associated with variations in daily mortality in these studies.
The study in Philadelphia provided some more details on the specific causes of death that were elevated on high air pollution days. The (15, 16) . Loess (17) was used in this analysis, which fit the counts of daily deaths to smooth functions of temperature, dew point temperature, day of study, and TSP. Loess uses a running regression rather than a running moving average, with weights that decline as the cube of the distance from the center of the neighborhood. The generalized additive model allows for a test of the improvement in fit compared to a linear no-thresh- old model for air pollution. In addition to the statistical test, the smoothed covariate adjusted plot of daily deaths versus air pollution allows a direct graphical examination of the shape of the relationship between exposure and outcome. Time series data are often serially correlated. Although this may be due to the weather, there may be serial correlation remaining in the residuals of the regression models. Ignoring such serial correlation can lead to biased hypothesis tests. All regression models were tested for serial correlation in the residuals, and if any was found, autoregressive Poisson models were estimated (18) . in Figure 1 , which shows the slight skewness expected. An average of 21 persons died each day in the metropolitan area, producing an annual death rate of 8.8 per 1000.
The basic regression model did a good job of controlling for the seasonal variation in mortality. For example, Figure 2a shows a plot of daily deaths by week of study. The line through the points is a nonparametric smooth. The strong seasonal variation is obvious. Figure 2b shows the deviance residuals from the basic regression model without air pollution. The seasonal pattern has been removed, as illustrated by the nonparametric smooth. Figure 3a shows the deviance residuals (again from the basic model without air pollution) plotted against temperature, and Figure 3b shows the deviance residuals plotted against dew point temperature. Again, a good fit seems to have been achieved, with no temperature intervals showing systematic over-or underestimation of mortality. Figure 4 shows the nonparametric smoothed plot of daily deaths versus TSP in Cincinnati, after controlling for covariates. Table 3 shows the relative risk of death for a 100 pg/m3 increase in TSP concentrations for the age and cause specific death rates examined. The same pattern seen in Philadelphia (9) was evident in Cincinnati. The relative risk was higher for the elderly CModel a, excluding days with temperature below 100F or above 80IF. dNonparametric smooth functions of time, temperature, and dew point temperature.
eModel 1, but with daily minimum temperature instead of daily average temperature. and for deaths from pneumonia and cardiovascular disease.
The association between mortality and TSP seen in Cincinnati was almost identical to that seen in Philadelphia. Moreover, the relationships between TSP and causeand age-specific daily deaths in the two cities were remarkably similar. For comparison, in Philadelphia, the relative risk for a 100 pg/m3 increase in TSP was 1.07 (95% CI =1.04-1.10) for all-cause mortality, 1.11 (95% CI = 0.97-1.27) for pneumonia deaths, 1.10 (95% CI = 1.06-1.14) for cardiovascular deaths, and 1.10 (95% CI = 1.06-1.13) for deaths in the elderly. The finding of such similar associations in different locations makes it less likely that the associations could be due to a confounder.
Smoking habits, occupational exposure, dietary patterns, and socioeconomic factors are not potential confounders of this association because their day-to-day variation is small and not correlated with air pollution. More likely, potential confounders are epidemics, other factors that produce the seasonal variation in mortality, and weather. In Cincinnati, daily mortality and respiratory epidemics both peaked in the winter. In contrast, winter was the season with the lowest TSP concentrations. Hence, these factors are unlikely sources of upward bias in the association. Furthermore, Figure 2 Figure 5 shows the relative risk of death for a 100 pg/m3 increase in TSP concentration from the recent studies of air pollution and daily mortality. The consistency is remarkable.
Although the mechanism by which airborne particles exacerbate illnesses and increase their mortality rates is not understood, neither is the mechanism by which tobacco smoking increase the risk of death from myocardial infarctions. This fact has not prevented a conclusion being drawn from the strong epidemiologic information in the case of smoking and it should not impede a similar conclusion in the case of respirable particles. Moreover, the London episode of 1952 provides ample demonstration of biological plausibility: it is clear that respirable particles increased mortality in that episode, although no mechanism was determined for that case, either.
